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Objective Objective 

! To utilize high thermal conductivity foam to develop a heat exchanger/ 
heat exchanger system for fuel cell stacks which is significantly lighter 
and more efficient.

Approach
! To apply existing knowledge of foams as heat exchangers developed 

for power electronics and study potential systems for fuel cells with 
minimal pressure drop, minimum volume, and maximum efficiency.



Time LineTime Line

! Project Funded in October, 1999

! Initial work in contacting commercial partners and potential 
collaborations

! Work on gathering data on heat transfer coefficients and design 
opportunities

! Work is proceeding on developing initial radiator concepts, 
construction of prototypes, and testing.



ORNL MesophaseORNL Mesophase--Derived Graphitic FoamDerived Graphitic Foam

! Graphitic ligaments
➩ Graphitic-like properties 

(high κ, E, σ)
! Dimensionally stable, low 

CTE 
! No outgassing
! Open Porosity
! Excellent thermal 

management material
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High Thermal Conductivity Graphite FoamsHigh Thermal Conductivity Graphite Foams



Heat Transfer as a Heat Sink with Air CoolingHeat Transfer as a Heat Sink with Air Cooling
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Actual devicesActual devices

! Finned foam heat sink running in Pentium 133 computer since 
December 12, 1998.



Heat Transfer as a Radiator DesignHeat Transfer as a Radiator Design
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Prototype Radiator DemonstratedPrototype Radiator Demonstrated

Process Water In

Process Water out

Graphite Foam with 
extended surface area

Overall 22.9 cm x 17.8 cm 
x 15.27 cm thick

Air flow 
over fins 

and  through 
holes

Through Holes
Total surface area = 7561 cm2

Measured Uo = 1000 W/m2 ·K depending on air humidity

Similar design built for 800 hp racing engine



Next Generation RadiatorsNext Generation Radiators

! Several more radiators will be tested in the near future
! These tests will be designed to gather important data about finned surface 

area, joining techniques, air flows, heat transfer coefficients, etc.
! From these tests, research will begin on integrating the foam into a radiator for 

fuel cell applications.  
➩ Better manufacturing methods

➸ Don’t limit heat transfer
➸ Reduced pressure drop
➸ Reduced volume and increased efficiency

➩ Vibration analysis
➩ Corrosion/erosion analysis

! Alternative uses/designs
➩ Combine humidification of inlet air with cooling of  radiator



Main Issues with Fuel Cells and carbon foam coolingMain Issues with Fuel Cells and carbon foam cooling

! Temperature difference between cooling fluid and 
ambient is smaller

➩ External fin surface area is more critical than ever
➩ External heat transfer coefficient is more important than before

! Large water flows due to required small thermal 
gradient through fuel cell

! Parasitic losses very critical

! Position in vehicle an issue



Industrial InteractionsIndustrial Interactions

! Discussions with potential partners have been successful in generating 
significant interest in the radiator community.

➩ Modine, 
➩ Valeo, 
➩ Ricardo, 
➩ Honeywell, 
➩ Visteon

! Discussions on licensing is ongoing



Major MilestonesMajor Milestones

! Demonstrate concept of reduced size and improved efficiency
➩ 9/00

! Industrial interaction for critical input and partnering on designs
➩ 9/00

! Demonstrate improved radiator concept, >50% improvement in heat 
transfer to weigh ratio

➩ 9/01
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